objective of this open-label, 2-period, single-sequence study was to evaluate the effect of fosamprenavir-ritonavir (FPV-RTV) on the steady-state plasma pharmacokinetics of DTG. Twelve healthy subjects received 50 mg DTG once daily for 5 days (period 1), followed by 10 days of 50 mg DTG once daily in combination with 700/100 mg FPV-RTV every 12 h (period 2). All doses were administered in the fasting state. Serial pharmacokinetic samples for DTG and amprenavir and safety assessments were obtained throughout the study. Noncompartmental pharmacokinetic analysis was performed, and geometric least-squares mean ratios and 90% confidence intervals were generated for within-subject treatment comparison. Fosamprenavir-ritonavir decreased the DTG area under the concentration-time curve, maximum concentration in plasma, and concentration in plasma at the end of the dosing interval by 35%, 24%, and 49%, respectively. Both DTG and DTG with FPV-RTV were well tolerated; no subject withdrew because of adverse events. The most frequently reported drug-related adverse events were rash, abnormal dreams, and nasopharyngitis. The modest decrease in DTG exposure when it was coadministered with FPV-RTV is not considered clinically significant, and DTG dose adjustment is not required with coadministration of FPV-RTV in INI-naive patient populations on the basis of established "no-effect" boundaries of DTG. In the INI-resistant population, as a cautionary measure, alternative combinations that do not include FPV-RTV should be considered. (This study has been registered at ClinicalTrials.gov under identifier NCT01209065.) T he integrase inhibitor (INI) class of antiretroviral drugs has proven to be a valuable addition to treatment strategies for the management of HIV. Good tolerability and lack of cross-resistance to other classes of antiretroviral therapy have contributed to the use of INIs in the antiretroviral regimen for both treatmentexperienced and treatment-naive patients (1). Dolutegravir (DTG) is an unboosted, once-daily [QD] INI that can be differentiated from previous INIs (e.g., raltegravir [RAL] and elvitegravir) by its resistance profile and predictable pharmacokinetics (PK) with low to moderate intersubject variability (2, 3). Drugdrug interaction studies between ritonavir (RTV)-boosted protease inhibitors (i.e., tipranavir [TPV], darunavir, lopinavir, and atazanavir) and DTG have been conducted previously to evaluate changes in the plasma exposure to DTG. These studies have reported modest changes in DTG PK, and dosage adjustments are not required when administered with most commonly used RTVboosted protease inhibitors, except for TPV-RTV (4-6).
T he integrase inhibitor (INI) class of antiretroviral drugs has proven to be a valuable addition to treatment strategies for the management of HIV. Good tolerability and lack of cross-resistance to other classes of antiretroviral therapy have contributed to the use of INIs in the antiretroviral regimen for both treatmentexperienced and treatment-naive patients (1) . Dolutegravir (DTG) is an unboosted, once-daily [QD] INI that can be differentiated from previous INIs (e.g., raltegravir [RAL] and elvitegravir) by its resistance profile and predictable pharmacokinetics (PK) with low to moderate intersubject variability (2, 3) . Drugdrug interaction studies between ritonavir (RTV)-boosted protease inhibitors (i.e., tipranavir [TPV] , darunavir, lopinavir, and atazanavir) and DTG have been conducted previously to evaluate changes in the plasma exposure to DTG. These studies have reported modest changes in DTG PK, and dosage adjustments are not required when administered with most commonly used RTVboosted protease inhibitors, except for TPV-RTV (4) (5) (6) .
Dolutegravir is metabolized primarily via uridine 5=-diphosphoglucuronosyltransferase-1A1 (UGT1A1), although cytochrome P450 3A4 (CYP3A4) has a minor role (10% to 15%) in the process, and it is a substrate of the transport protein P-glycoprotein (7, 8) . Therefore, drugs that induce or inhibit these metabolic pathways may affect the plasma exposure of DTG. Dolutegravir does not induce or inhibit CYP3A4, as determined in a clinical study using midazolam as a CYP3A4 probe, and would not be expected to alter the PK of drugs metabolized by CYP3A4 (e.g., RTV-boosted protease inhibitors) (3). This study evaluated the effect of fosamprenavir (FPV)-RTV on DTG and was not designed as a 2-way evaluation given the lack of impact of DTG on coadministered protease inhibitors in healthy-volunteer studies (4) (5) (6) .
Ritonavir is commonly coadministered with protease inhibitors as a boosting agent. Ritonavir is an inducer and inhibitor of CYP3A4, is an inducer of UGT1A1, and has a time-dependent inhibition effect followed by an induction effect on P-glycoprotein (9) . Fosamprenavir, the prodrug for amprenavir (APV), has been demonstrated to induce enzymatic activity of UGT1A1 and to induce or inhibit CYP3A4 enzymes (10, 11) . Thus, a study to evaluate its impact on DTG exposure was warranted. This study was conducted to evaluate the effect of FPV-RTV on the steadystate PK parameters of DTG. Amprenavir PK parameters were compared to historical data as a secondary endpoint.
On the basis of accumulated data on the PK-pharmacodynamic relationship of DTG in INI-naive patient populations, the "no-effect" boundaries of alterations in DTG exposure for the need for dose adjustment have been defined (12, 13) . The lower bound of the no-effect boundaries is defined as either 0.3 g/ml (equivalent to 25% of the plasma DTG concentration at the end of the dosing interval [C ] at 50 mg QD) or 75% reduction in the DTG C . The lower bound of 0.3 g/ml is approximately 3-fold greater than the value of the in vitro protein-adjusted 90% inhibitory concentration against wild-type viruses (0.064 g/ml) (3). The upper bound is currently not defined, as dose-limiting toxicity has not been observed with DTG in phase II/III studies at doses up to 50 mg twice daily (BID). The clinical significance of the effect of FPV-RTV observed in the current study was judged against the established no-effect boundary.
MATERIALS AND METHODS

Study design.
This open-label study (ClinicalTrials.gov identifier NCT01209065) was conducted with 12 healthy subjects at a single center, where the subjects were inpatients for the duration of the trial. Both adult men and women were enrolled from September 2010 to November 2010. Women of childbearing potential were sexually inactive by abstinence or required to use contraceptive methods with a failure rate of Ͻ1%. Oral hormonal contraceptives were not allowed in the study. Participants were excluded if there was laboratory evidence of chronic hepatitis B virus, hepatitis C virus, and/or HIV infection. Participants were asked to abstain from taking prescription and nonprescription drugs, including vitamins and herbal products, within 7 days of the first dose of study medication until completion of the follow-up visit. Use of antacids, vitamins, and iron supplements was strictly prohibited because coadministration of divalent cations with DTG has been shown to reduce the oral bioavailability of DTG (14) . Participants had a screening visit within 30 days prior to the first dose of the study drug, 2 treatment periods, and a follow-up visit 7 to 14 days after the last dose of the study drug.
All participants in the first treatment period (period 1) received 50 mg DTG (Tivicay; ViiV Healthcare, Research Triangle Park, NC) every 24 h for 5 days. This dose of DTG was chosen because it was the clinical dose in phase III trials in INI-naive subjects (i.e., treatment-naïve as well as treatment-experienced subjects). During the second treatment period (period 2), all participants received 50 mg DTG every 24 h in combination with 700/100 mg FPV-RTV every 12 h for 10 days. On PK sampling days, all morning doses of the study drug were administered after a 10-hour overnight fast. A washout was not used between treatment periods. Safety evaluations (i.e., clinical chemistry and hematology, vital signs, and electrocardiograms) were performed throughout the study.
Serial blood samples for determining the plasma DTG concentration were collected at the following times: predose (within 15 min prior to the study dose) and 1, 2, 3, 4, 8, 12, and 24 h postdose on day 5 in period 1 and on day 10 in period 2. Predose plasma samples for DTG were also collected on days 8 and 9 in period 2. Plasma APV samples were collected predose (within 15 min prior to the study dose) and 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, and 12 h after the FPV-RTV morning dose on day 10 in period 2. All subjects were asked about adverse effects and the use of concomitant medications on a frequent basis. Written informed consent was obtained from all participants, and the protocol was approved by the institutional review board IntegReview in Austin, TX.
Bioanalytical methods. Plasma samples were analyzed for DTG concentrations using a validated analytical method based on protein precipitation followed by high-performance liquid chromatographytandem mass spectrometry (3). Dolutegravir was analyzed using [ 2 H 7 , 15 N]GSK1349572 as an internal standard. The lower limit of quantification for DTG was 20 ng/ml using a 25-l aliquot of human plasma, with a higher limit of quantification of 20,000 ng/ml. Three different concentrations of quality control samples were stored and analyzed with each batch. For sample analysis to be acceptable, not more than one-third of the total quality control results and not more than one-half of the results from each concentration level could deviate from the nominal concentration by more than 15%. Human plasma samples were analyzed for APV by Advion (Ithaca, NY) using a validated analytical method based on a solid-phase extraction process, followed by high-performance liquid chromatography-tandem mass spectrometry analysis. The lower limit of quantification for APV was 10 ng/ml using 50-l aliquots of human plasma, with a higher limit of quantification of 10,000 ng/ml. Four quality control samples were prepared and examined; the samples had within Ϯ15% bias and therefore were determined to be acceptable.
Pharmacokinetic analysis. Noncompartmental PK analysis was performed using concentration in plasma-time data for DTG and APV (Model 200 WinNonlin Professional Edition, version 5.3; Pharsight Corporation, St. Louis, MO). Plasma PK parameters, which were calculated using the actual elapsed time from dosing, included the following: the area under the concentration-time curve from when the dose is administered until the end of the dosing interval (AUC 0 -), the maximum concentration in plasma (C max ), the C , the apparent oral clearance (CL/F), and the apparent terminal half-life (t 1/2 ).
Statistical analysis. The sample size of 12 subjects to obtain 10 evaluable subjects was chosen on the basis of the within-subject PK variability of DTG and the feasibility of addressing the objectives of the study.
The study was designed primarily to estimate the drug-drug interaction effect of FPV-RTV on DTG PK parameters. For DTG, an analysis of variance (15) was performed on the log-transformed PK parameters AUC 0 -, C , C max , CL/F, and t 1/2 , with subject as the random effect and treatment as the fixed effect in the model, using the SAS (Cary, NC) Mixed Linear Models procedure (version 9 or higher). The ratio of geometric least-squares (GLS) means and the associated 90% confidence interval (CI) were estimated for the PK parameters of interest. Dolutegravir given alone was considered the reference treatment, and DTG coadministered with FPV-RTV was considered the test treatment.
Amprenavir PK parameters were compared with historical data without formal statistical comparison.
RESULTS
Twelve subjects were enrolled in the study, and all completed it as planned. The majority of subjects (58%) were male, and the mean age was 33.4 years. Fifty-eight percent of the subjects were of white/Caucasian/European heritage, with 25% of Asian descent and 17% of African-American descent.
Dolutegravir alone and in combination with FPV-RTV was well tolerated. No deaths or serious adverse events (AEs) occurred, and no subject was withdrawn during the study. The drugrelated AEs are shown in Table 1 . Rash and abnormal dreams were the most frequently reported drug-related AEs. Rash was reported by 2 subjects (17%) who were in the study group receiving both DTG and FPV-RTV. Abnormal dreams were reported by 2 subjects, 1 in each study period. Overall, more subjects reported AEs during coadministration of DTG combined with FPV-RTV (42%) than with DTG alone (17%). All AEs were mild in intensity (grade 1). There were no clinically significant trends in laboratory values, vital signs, or electrocardiograms.
The steady-state plasma exposure of DTG was reduced when concomitantly administered with FPV-RTV. Summaries of DTG PK parameters and statistical comparisons are presented in Tables 2 and 3 . Figure 1 shows the mean plasma DTG concentration versus time profiles when DTG was administered alone and when DTG was coadministered with FPV-RTV. Following coadministration with FPV-RTV, the DTG AUC 0 -, C max , and C were reduced by 35% (90% CI, 22% to 46%), 24% (90% CI, 8% to 37%), and 49% (90% CI, 37% to 59%), respectively. The dolutegravir CL/F increased by 53% (90% CI, 28% to 84%), and the t 1/2 was reduced by 21% (90% CI, 15% to 26%), from 12.1 h (DTG alone) to 9.5 h (DTG coadministered with FPV-RTV). Table 4 lists the mean steady-state plasma PK of APV following coadministration of DTG and FPV-RTV. Amprenavir exposure following coadministration of DTG and FPV-RTV was similar to historical data, suggesting that DTG does not affect APV exposure (16, 17) .
DISCUSSION
Integrase inhibitors are a significant addition to the armamentarium of treatment options for people with HIV infection. Three INIs (DTG, RAL, and elvitegravir) are currently approved for the treatment of HIV-1-infected subjects in the United States and are valuable treatment options for HIV-infected patients. Dolutegravir possesses the advantages of not requiring RTV boosting and having a resistance profile that is different from those of other INIs (2). In phase III trials, DTG has demonstrated potency in treatment-experienced subjects, including those with resistance to other INIs (18, 19) . Such patients might require concomitant FPV-RTV in the construction of a background regimen.
The results of this study showed that coadministration of DTG with FPV-RTV modestly reduced the steady-state plasma exposure of DTG. In addition, a cross-study comparison showed that DTG has no significant impact on APV exposure. The combination was well tolerated, with a low incidence of AEs. Two rashes were reported during coadministration of DTG and FPV-RTV. Because FPV-RTV is associated with a 19% incidence of rash, FPV-RTV is the likely etiology, although DTG cannot be excluded as a possible contributor (20) . All AEs were mild in intensity, and all subjects completed the study.
The decrease in plasma DTG exposure by FPV-RTV was due to an increase in DTG clearance and a reduction in the t 1/2 . These results were expected, given the induction potential of both APV and RTV on UGT1A1 and CYP3A4, the metabolic pathway of DTG (7, 8) . The effect of FPV-RTV observed in this study is consistent with the findings for another INI, RAL, which is also primarily metabolized by UGT1A1 and whose plasma exposure was reduced by FPV-RTV to a degree similar to that for DTG (11) .
The decrease in DTG exposure by coadministration with FPV-RTV is not considered clinically significant, and DTG dose adjustment is not required on the basis of established no-effect boundaries (12) . The dolutegravir C , with an average of 0.358 g/ml (Table 2 ) achieved when coadministered with FPV-RTV, is higher than the established lower bound of 0.3 g/ml, and the GLS mean ratio (90% CI) of the DTG C , 0.510 (0.413 to 0.629), is completely above 0.25. The clinical insignificance of the effect of FPV-RTV on DTG exposure is further supported by clinical efficacy data. In the phase III SAILING study in treatment-experienced and INI-naive subjects, 10 subjects received 50 mg DTG QD in combination with FPV-RTV, and 9 out of these 10 subjects demonstrated viral suppression (Ͻ50 copies/ml) at week 48 (12) . Such data, although limited, were important in demonstrating that the antiviral activity of DTG is not compromised with modestly reduced exposure when coadministered with FPV-RTV. These data supported the recommendation by the European Medicines Agency not to adjust the dose of DTG when coadministered with FPV-RTV (21) . In the United States, a more conservative approach is taken by the Food and Drug Administration because of the limited size of the clinical data set, and DTG is currently recommended to be given at 50 mg BID when coadministered with FPV-RTV (22) . In the INI- resistant population, as a cautionary measure, alternative combinations that do not include FPV-RTV should be considered (22) .
The 50-mg QD dose of DTG was chosen for this study because this dose is indicated for use in INI-naive subjects, representing the majority of the patient population to be treated with DTG. Dolutegravir is recommended to be dosed at 50 mg BID in subjects who are resistant to INIs. The effect of FPV-RTV on DTG exposure (AUC) from 50 mg BID is expected to be similar to that observed at 50 mg QD, because no evidence of enzyme saturation has been observed in DTG metabolism, and DTG showed linear PK from 50 mg QD to 50 mg BID (3, 21, 22) . The effect of FPV-RTV on the DTG C is expected to be smaller when DTG is given BID versus QD.
The 700/100-mg BID regimen of FPV-RTV was evaluated because this combination would most commonly be used with DTG in treatment-experienced patients. However, it is likely that other FPV doses would demonstrate similar or fewer effects. In a drugdrug interaction study with RAL (11), the 700/100-mg FPV-RTV BID dose decreased the RAL AUC by 54%, whereas the 1,400-mg BID and 1,400/100-mg QD doses decreased the RAL AUC by 29% and 30%, respectively. Thus, all FPV regimens would be expected to decrease the exposure of DTG, and the FPV-RTV BID dosing regimen would likely have the greatest effect on DTG exposure. Dolutegravir was not expected to alter the plasma exposure of APV because DTG is not an inhibitor or an inducer of the P-glycoprotein, CYP3A4, or UGT1A1 metabolic pathways (7) . Previous drug-drug interaction studies between DTG and protease inhibitors have reported no clinically significant alteration in the PK of TPV, atazanavir, darunavir, and lopinavir (4-6). The PK parameters of APV observed in the current study were similar to those presented in previously published data (16, 17) . Therefore, the results from the current study are consistent with the lack of a significant effect of DTG on the CYP450 enzymes involved in the metabolism of protease inhibitors.
In conclusion, FPV-RTV modestly reduced DTG exposure when coadministered, as a result of net enzyme induction. On the basis of the established no-effect boundaries of DTG and the outcome of the SAILING study, DTG at 50 mg QD was an effective dose with FPV-RTV in INI-naive patients. In the INI-resistant population, as a cautionary measure, alternative combinations that do not include FPV-RTV should be considered.
